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The Mole and Volume:
For gases at STP (273 K and 1 atm pressure), one mole occupies a volume of 22.4 L. What volume will the following quantities of gases occupy at STP?

1. 1.00 mole of H2

2. 3.20 moles of O2

3. 0.750 mole of N2

4. 1.75 moles of CO2

5. 0.50 mole of NH3

6. 5.0 gram of H2

7. 100. 9 of O2

8. 28.0 gram of N2

9. 60. gram of CO2

10. 10. grams of NH3






The Mole and Avogadro's Number:

One mole of a substance contains Avogadro's Number (6.02 x 1023) of molecules.

How many molecules are in the quantities below? 

1. 2.0 moles

2. 1.5 moles

3. 0.75 moles

4. 15 moles

5. 0.35 moles

How many moles are in the number of molecules below?
6. 6.02 x 1023

7. 1.204 X 1024

8. 1.5 x 1020

9. 3.4 X 1026

10. 7.5x l019





Mixed Mole Problems:

Solve the following problems.

1. How many grams are there in 1.5 x 1025 molecules of CO2?

2. What volume would the CO2 in Problem 1 occupy at STP?

3. A sample of NH3 gas occupies 75.0 liters at STP. How many molecules is this?

4. What is the mass of the sample of NH3 in Problem 3?

5. How many atoms are there in 1.3 x 1022 molecules of NO2?

6. A 5.0 g sample of O2 is in a container at STP. What volume is the container?

7. How many molecules of O2 are in the container in Problem 6? How many atoms of oxygen?



Percentage Composition:

Determine the percentage composition of each of the compounds below.

1. KMnO4 = 							2. HCI = 
K = 									     H = 
Mn =									     CI =
O = 

3. Mg(N03)2					4. (NH4)3PO4
Mg = 									N = 
N = 									H = 
0=										P = 
0= 

5. AI2(S04)3
AI = 
S = 
0 = 





Solve the following problems.

6. How many grams of oxygen can be produced from the decomposition of 100. grams of KC103?

7. How much iron can be recovered from 25.0 g of Fe2O3?

8. How much silver can be produced from 125 g of Ag2S?


Determining Empirical Formulas:
What is the empirical formula (lowest whole number ratio) of the compounds below?

1. 75% carbon, 25% hydrogen

2. 52.7% potassium, 47.3% chlorine

3. 22.1 % aluminum, 25.4% phosphorus, 52.5% oxygen

4. 13% magnesium, 87% bromine

5. 32.4% sodium, 22.5% sulfur, 45.1% oxygen

6. 25.3% copper, 12.9% sulfur, 25.7% oxygen, 36.1% water




Determining Molecular Formulas (True Formulas)
Solve the problems below.

1. The empirical formula of a compound is NO2. Its molecular mass is 92 g/mol. What is its molecular formula?

2. The empirical formula of a compound is CH2. Its molecular mass is 70 g/mol. What is its molecular formula?

3. A compound is found to be 40.0% carbon, 6.7% hydrogen and 53.5% oxygen. Its molecular mass is 60. g/mol. What is its molecular formula?

4. A compound is 64.9% carbon, 13.5% hydrogen and 21.6% oxygen. Its molecular mass is 74 g/mol. What is its molecular formula?

5. A compound is 54.5% carbon, 9.1% hydrogen and 36.4% oxygen. Its molecular mass is 88 g/mol. What is its molecular formula?

Composition of Hydrates:
A hydrate is an ionic compound with water molecules loosely bonded to its crystal structure. The water is in a specific ratio to each formula unit of the salt. For example, the formula CUSO4.5H2O indicates that there are five water molecules for every one formula unit of CuSO4. Answer the questions below.

1. What percentage of water is found in CUSO4.5H2O?

2. What percentage of water is found in Na2SO4.9H2O?

3. A 5.0 gram sample of a hydrate of BaCI2 was heated, and only 4.3 9 of the anhydrous salt remained. What percentage of water was in the hydrate?

4. A 2.5 gram sample of a hydrate of Ca(NO3)2 was heated, and only 1.7 9 of the anhydrous salt remained. What percentage of water was in the hydrate?

5. A 3.0 gram sample of Na2CO3.H2O is heated to constant mass. How much anhydrous salt remains?

6. A 5.0 gram sample of Cu(NO3)2.nH2O is heated, and 3.9 gram of the anhydrous salt remains. What is the value of n?

Stoichiometry: Mole-Mole Problems 

1. N2 + 3H2        →   2NH3
How many moles of hydrogen are needed to completely react with two moles of nitrogen?

2. 2KCl03 →        2KCI + 3O2
How many moles of oxygen are produced by the decomposition of six moles of potassium chlorate?

3. Zn + 2HCI --+ ZnCI2 + H2
How many moles of hydrogen are produced from the reaction of three moles of zinc with an excess of hydrochloric acid?
4. C3Ha + 5O2 →       3C02 + 4H20
How many moles of oxygen are necessary to react completely with four moles of propane (C3Ha)?

5. K3PO4 + AI(N03)3 →        3KN03 + AIPO4
How many moles of potassium nitrate are produced when two moles of potassium phosphate react with two moles of aluminum nitrate?


Stoichiometry: Volume-Volume Problems

1. N2 + 3H2 →     2NH3
What volume of hydrogen is necessary to react with five liters of nitrogen to produce ammonia? (Assume constant temperature and pressure.)

2. What volume of ammonia is produced in the reaction in Problem 1?

3. C3H8 + 5O2 →      3C02 + 4H20
If 20 liters of oxygen are consumed in the above reaction, how many liters of carbon dioxide are produced?

4. 2H20 →    2H2 + O2
If 30 mL of hydrogen are produced in the above reaction, how many milliliters of oxygen are produced?

5. 2CO + O2 →    2C02
How many liters of carbon dioxide are produced if 75 liters of carbon monoxide are burned in oxygen? How many liters of oxygen are necessary?

Stoichiometry: Mass-Mass Problems 
1. 2KCI03 -+ 2KCI + 3O2
How many grams of potassium chloride are produced if 25 g of potassium chlorate decompose?

2. N2 + 3H2 -+ 2NH3
How many grams of hydrogen are necessary to react completely with 50.0 g of nitrogen in the above reaction?

3. How many grams of ammonia are produced in the 	reaction in Problem 2?

4. 2AgN03 + BaCI2 -+ 2AgCI + Ba(NO)2
How many grams of silver chloride are produced from 5.0 g of silver nitrate reacting with an excess of barium chloride?

5. How much barium chloride is necessary to react with the 	silver nitrate in Problem 4?

Stoichiometry: Mixed Problems
1. N2 + 3H2 -+ 2NH3
What volume of NH3 at STP is produced if 25.0 9 of N2 is reacted with an excess of H2 ?

2. 2KCI03 -+ 2KCI + 3O2
If 5.0 9 of KCI03 is decomposed, what volume of O2 is produced at STP?

3. How many grams of KCI are produced in Problem 2?

4. Zn + 2HCI -+ ZnCI2 + H2
What volume of hydrogen at STP is produced when 2.5 g of zinc react with an excess of hydrochloric acid?

5. H2SO4 + 2NaOH -+ H2O + Na2SO4
How many molecules of water are produced if 2.0 9 of sodium sulfate are produced in the above reaction?

6. 2AICI3 -+ 2AI + 3CI2
If 10.0 9 of aluminum chloride are decomposed, how many molecules of CI2 are produced?

Stoichiometry: Limiting Reagent 

1. N2 + 3H2 --+ 2NH3
How many grams of NH3 can be produced from the reaction of 28 9 of N2 and 25 9 of H2?

2. How much of the excess reagent in Problem 1 is left over?

3. Mg + 2HCI --+ MgCI2 + H2
What volume of hydrogen at STP is produced from the reaction of 50.0 9 of Mg and the equivalent of 75 9 of HCI?

4. How much of the excess reagent in Problem 3 is left over?

5. 3AgNO3 + NalO4 --+ AglO4 + 3NaNO3
Silver nitrate and sodium phosphate are reacted in equal amounts of 200. grams each. How many grams of silver phosphate are produced?

6. How much of the excess reagent in Problem 5 is left?


Molarity (M)
	moles of solute
	liter of solution


	1. What is th_ mOlar(1iT;:ot.q.__f.oOif".;whicQdissolv_d in 1.0 L of SOIU'i(;)

2. What is the molarity of a solution 'in which 10.0 g of AgNO3 dissolved in 500. mL of solution?

3 How many grams of KNO3 should be used to prepare 2.00 L of a 0.500 M solution?

4. To what volume should 5.0 g of KCI be diluted in order to prepare a 0.25 M solution?

5. How many grams of CuSO4.5H20 are needed to pr 100. mL of a 0.10 M solution?


Molality (m)

Molality = moles of solute
	Kg of solvent

Solve the problems below.
1. What is the molality of a solution in which 3.0 moles of NaCI is dissolved in 1.5 Kg of water?

2. What is the molality of a solution in which 25 g of NaCI is dissolved in 2.0 Kg of water?


3. What is the molality of a solution in which 15 g of 12 is dissolved in 500. g of alcohol?

4. How many grams of 12 should be added to 750 g of CCI4 to prepare a 0.020 m solution?

5. How much water should be added to 5.00 g of KCI to 	prepare a 0.500 m solution?

Normality (N)

Normality = molarity x total positive oxidation number of solute Example: What is the normality of 3.0 M of H2SO4?
Solution: Since the total positive oxidation number of H2SO4 is +2 (2 H+), N = 6.0.

Solve the problems below.
1. What is the normality of a 2.0 M NaOH solution?

2. What is the normality of a 2.0 M HPO4 solution?

3. A solution of H2SO4 is 3.0 N. What is its molarity? IHI

4. What is the normality of a solution in which 2.0 9 of Ca(OH)2 is dissolved in 1 0 L of solution?

5. How much AICI3 should be dissolved in 2.00 L of solution to produce a 0.150 N solution?


